VINYL-CIS-POLYBUTADIENE RUBBER AND BUTADIENE RUBBER 
COMPOSITION USING SAME 



Publication number: WO2005056663 (A1 ) 
Publication date: 2005-06-23 

Inventor(s): ASAKURA YOSHIO; OKABE YASUYOSHI 

Applicant(s): UBE INDUSTRIES [JP]; ASAKURA YOSHIO; OKABE 

YASUYOSHI 

Classification: 

- international: C08F2/44; C08F36/06; C08K5/00; C08L21/00; C08L9/00; 

C08F2/44; C08F36/00; C08K5/00; C08L21/00; C08L9/00; 
(IPC1-7): C08L9/00; C08F2/44; C08F36/06; C08K5/00 

- European: C08L9/00; C08F36/06; C08L7/00; C08L9/06; C08L21/00 
Application number: WO2004JP18417 20041202 

Priority number(s): JP20030415353 20031212; JP20030415354 20031212; 

JP20040005918 20040113; JP20040015251 20040123; 
JP20040015252 20040123; JP200403031 55 20041018; 
JP20040303202 20041018; JP20040303231 20041018; 
JP20040303286 20041018; JP20040303332 20041018 





Also publishec 


ts 


EP1 693411 ( 


H US2008233399 ( 




KR200601 35655 


□ 


JP3981841 ( 


ta 


CA2546564 ( 




more 




Cited documc 




JP51 94658 




JP53045347 


□ 


JP8311246 


□ 


JP2002338740 



Abstract of WO 2005056663 (A1) 

Disclosed is a vinyl-cis-polybutadiene rubber which contains 1 ,2-polybutadiene and a polymer material 
having a melting point lower than that of 1 ,2-polybutadiene wherein at least one unsaturated double 
bond is contained per one repeating unit. The vinyl-cis-polybutadiene rubber is characterized in that 
1 ,2-polybutadiene and the polymer material are dispersed in a cis-polybutadiene rubber as the matrix 
component of the vinyl-cis-polybutadiene rubber in such a state that 1 ,2-polybutadiene and the 
polymer material are physically and/or chemically adsorbed to each other. Also disclosed is a method 
for producing such a vinyl-cis-polybutadiene rubber. Consequently, there can be provided a vinyl-cis- 
polybutadiene rubber having a small die swell ratio, excellent extrusion processability and workability 
which enables to obtain a vulcanized product exhibiting excellent characteristics required for the 
side/tread of tires. 
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ABSTRACT 



A vinyl.cis-polybutadiene rubber is provided containing 1,2- 
polybutadicnc and a polymer substance of a melting point 
lower than that of the 1.2-polybutadiene atid with at least one 
unsaturated double bond per repeating unit, where the 1,2- 
polybutadiene and the polymer substance are dispersed at 
physically and/or chemically adsorbed states in the cis-po- 
lybutadiene rubber as the matrix component of the vinyl.cis- 
polybutadiene rubber, and a method for producing the same, 
to provide a vulcanized product exerting a small die swell 
ratio and excellent extrusion proccssability and opcrability.as 
well as very great characteristics demanded for the side tread 
of tire and the like. 
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VINYL-CIS-POLYBUTADIENE RUBBER AND 
BUTADIENE RUBBER COMPOSITION USING 
THE SAME 



CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Application No. PCT/JP2004/018417, filed Dec. 2, 2004, 
which was published in the Japanese language on Jim. 23, 
2005, under International Publication No. WO 2005/056663 
and the disclosure of which is incorporated herein by refer- 
ence. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a novel vinyl.cis- 
poly butadiene rubber produced by concurrently allowing 1,2- 
polybutadiene of a high melting point of 1 70° C. or more and 
polyisoprene or polybutadiene of a low melting point to exist 
and be dispersed in the matrix of cis-polybutadiene rubber. 
Further, the invention relates to a butadiene rubber composi- 
tion using the vinyl.cis-polybuladiene rubber. 
[0003] In the molecular chain of polybutadiene, a binding 
portion generated by 1 ,4 polymerization (1,4 structure) and a 
binding portion generated by 1,2 polymerization (1,2 struc- 
ture) concurrently exist as so-called microstnicture. The 1,4 
structure is divided in two types of structures, namely cis 
structure and trans structure. Alternatively, the 1,2 structure 
takes a structure with vinyl group as a side chain. 
[0004] A method for producing vinyl.cis-polybutadicne 
rubber composition in the related art has been carried out in 
inert organic solvents such as aromatic hydrocarbons such as 
benzene, toluene and xylene and halogenated hydrocarbons 
thereof for example chlorobcnzcnc. When solvents such as 
aromatic hydrocarbons and halogenated hydrocarbons are 
used, however, the resulting polymerization solution lias such 
a high viscosity that the agitation, heat transmission and 
transfer thereof arc troublesome, which requires excessive 
energy forthe recovery of such solvent. Additionally, solvents 
such as aromatic hydrocarbons and halogenated hydrocar- 
bons are very hazardous for environment, due to the toxicity 
and carcinogenesis. 

[0005] As the production method, a method including a 
step of producing cis-polybutadiene rubber by cis-1,4 poly- 
merization of 1,3-butadiene using a catalyst obtained from 
water, a soluble cobalt compound and an organic aluminum 
chloride represented by the general Ibrmula AIR„X 3 .„ (pro- 
vided that R is an alkyl group with one to 6 carbon atoms, 
phenyl group or cycloalkyl group: X is a halogen element; 
and n is a numerical figure of 1.5 to 2) in the inert organic 
solvent, and a step of syndiotactic 1 ,2 polymerization (abbre- 
viated as "1,2 polymerization" hereinafter) of 1,3-butadiene 
in the presence of a syndiotactic 1,2 polymerization catalyst 
obtained from a soluble cobalt compound, an orgauic alumi- 
num compound represented by the general formula AIR, 
(provided that R is an alkyl group with one to 6 carbon atoms, 
phenyl group or cycloalkyl group) and carbon disulfide, with 
addition or no addition of 1 ,3-butadiene and/or the solvent to 
the resulting polymerization system is known (see for 
example JP-B-49- 17666 (patent reference 1) and JP-B-49- 
17667 (patent reference 2)). 

[0006] Additionally, for example, JP-B-62- 1 7 1 (patent ref- 
erence 3), JP-B-63-36324 (patent reference 4), JP-B-2-37927 
(patent reference 5), JP-B-2-38081 (patent reference 6), and 



JP-B-3-63566 (patent reference 7) describe methods includ- 
ing a step of producing vinyl.cis-polybutadiene rubber com- 
position by cis-1,4 polymerization of 1,3-butadiene in the 
presence or absence of carbon disulfide, and methods includ- 
ing a step of separating and recovering 1,3-butadiene and 
carbon disulfide to recycle 1,3-butadiene substantially never 
containing carbon disulfide and the inert organic solvent. 
Further, JP-B-4-4881 5 (patent reference 8) describes a rubber 
composition with a small die swell ratio of compounded 
material, of which the vulcanized product has an excellent 
tensile strength and a great flex-crack-growth resistance pref- 
erable as the sidewall of tire. 

[0007] Additionally, JP-A-2000-44633 (patent reference 9) 
describes a method for producing vinyl.cis-polybutadiene 
rubber in an inert organic solvent containing C 4 distillates 
such as n-butane, cis-2-butene, trans-2-bulene, and bulene-1 
as the main components. JP-A-2000-44633 describes that 
1,2-polybutadiene contained in the rubber composition 
according to the method is a crystal in short fiber, where 98% 
or more of the fiber length is less than 0.6 um in the distribu- 
tion of the crystal in short fiber along major axis; and 70% or 
more thereof is less than 0.2 urn and that the resulting rubber 
composition has improved moldabilily of cis-l,4-polybuta- 
diene, tensile stress, tensile strength and flex-crack-growth 
resistance. 

[0008] However, a rubber composition with improved vari- 
ous properties has been demanded for some use. 
[0009] Patent Reference 1 : JP-B-49-1 7666 
[0010] Patent Reference 2: JP-B-49-17667 
[0011] Patent Reference 3: JP-B-62-171 
[0012] Patent Reference 4: JP-B-63-36324 
[0013] Patent Reference 5; JP-B-2-37927 
[0014] Patent Reference 6: JP-B-2-38081 
[0015] Patent Reference 7: JP-B-3-63566 
[0016] Patent Reference 8: JP-B-4-48815 
|0017] Patent Reference 9: JP-A-2000-44633 

BRIEF SUMMARY OF THE INVENTION 
[0018] It is an object of the invention to provide vinyl.cis- 
polybutadiene rubber giving a butadiene rubber composition 
with a small die swell ratio and excellent extrusion process- 
ability and operability for producing tire, which exerts excel- 
lent break-resistant properties, abrasion resistance and slid- 
ing friction resistance as well as very great flex-crack-growth 
resistance and high rigidity, when the butadiene rubber com- 
position is vulcanized. It is an object of the invention to 
provide a butadiene rubber composition with the excellent 
properties, particularly a butadiene rubber composition for 

[0019] The invention has achieved the objects via the fol- 
lowing constitutions. 

[0020] 1 . A vinyl.cis-polybutadiene rubber containing 1,2- 
polybutadiene and a polymer substance with a melting point 
lower than that of the 1 ,2-polybutadiene and with at least one 
unsaturated double bond per repeating unit, where the 1,2- 
polybutadienc and the polymer substance are dispersed at 
physically and/or chemically adsorbed states in the cis-po- 
lybutadiene rubber as the matrix component of the vinyl.cis- 
polybutadiene rubber. 

[0021] 2. The vinyl.cis-polybutadiene rubber described in 
1. above, where the 1,2-polybutadiene and the polymer sub- 
stance arc dispersed in short crystal fiber and/or particle in the 
cis-polybutadiene rubber as the matrix component of the 
viny I . ci s-polybutadiene rubber. 
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[0022] 3. The vinyl.cis-polybuladiene rubber described in 
1 . or 2. above, where the 1 .2-polybutadiene is 1.2-polybuta- 
diene of a melting point of 170° C. or more and the polymer 
substance is at least one selected from polyisoprene, crystal- 
lizable polybutadiene of a melting point of 150" C. or less, 
liquid polybutadiene and derivatives thereof. 
[0023] 4. The vinyl.cis-polybutadiene rubber described in 
any of 1 . through 3. above, where the unsaturated polymer 
substance is contained within a range of 0.01 to 50% by mass 
to the total of the crystal fiber of the 1, 2-polybutadiene and 



[0024] 5. The vinyl.cis-polybutadiene rubber described in 
any of 1 . through 4.. where the viscosity of the cis-polybuta- 
diene rubber as the matrix component in toluene solution al 
25° C. is within a range of 10 to 150. 
[0025] 6. The vinyl.cis-polybutadiene rubber described in 
any of 1. through 5., where [a] of the cis-polybutadiene 
rubber as the matrix component is within a range of 1 .0 to 5.0. 
[0026] 7. The vinyl.cis-polybutadiene rubber described in 
any of 1 . through 6., where the content of the 1,4-cis structure 
of the cis-polybutadiene rubber as the matrix component is 
within a range of 80% by mass or more. 
[0027] 8. The vinyl.cis-polybutadiene rubber described in 
any oil. through 7. above, where the Mooney viscosity of the 
cis-polybutadiene rubber as the matrix component of the 
vinyl.cis-polybutadiene rubber is within a range of 10 to 50. 
[0028| 9. The vinyl.cis-polybutadiene rubber described in 
any of 1 . through 8., where the polymer substance is a matter 
insoluble in boiling n-hexane. 

[0029] 10. T he vinyl.cis-polybuladiene rubber described in 
any of 1 . through 9., where the 1 ,2-polybutadiene is dispersed 
in short crystal fiber in the cis-polybutadiene rubber as the 
matrix component of the vinyl.cis-polybutadiene rubber and 
the polymer substance is dispersed in particle therein, and 
where the short crystal fiber of the 1. 2-polybutadiene is dis- 
persed in the particle of the polymer substance. 
[0030] 1 1 . The vinyl.cis-polybutadiene rubber described in 
10 above, where the short crystal fiber of the 1 ,2-polybutadi- 
ene is never contained in the particle of the polymer substance 
but is also dispersed in the cis-polybutadiene rubber as the 
matrix component, and where the length of the short crystal 
fiber dispersed in the matrix along majoraxis is within a range 
of 0.2 to 1 ,000 urn and the length of the short crystal fiber of 
the 1 ,2-polybutadiene dispersed in the particle of the polymer 
substance along majoraxis is within a range of 0.01 to 0.5 urn. 
[0031] 12. A butadiene rubber composition prepared by 
compounding the vinyl.cis-polybutadiene rubber described 
in 1 . or 2 . above at 1 0 to 300 parts by weight per 1 00 parts by 
weight of a rubber selected from natural rubber, polyisoprene 
nibber, styrene-butadiene copolymer rubber, or a blend rub- 
ber of al least two types thereof. 

[0032] 13. A butadiene rubber composition for lire, where 
the vinyl.cis-polybutadiene rubber described in 1. through 1 1 . 
above, and/or the butadiene rubber composition described in 
12. above is used. 

[0033] 1 4 . A method for producing vinyl.cis-polybutadiene 
rubber by a step of the cis-1,4 polymerization of 1,3-butadi- 
ene using a cis-1,4 polymerization catalyst in a hydrocarbon- 
series solvent, a step of the 1 ,2 polymerization of 1 ,3-butadi- 
ene in the concurrent presence of a 1,2 polymerization 
catalyst in the resulting polymerization mixture to generate 
1 ,2-polybutadicnc of a melting point of 1 70° C. or more, and 
a step oflhe separation and recovery of vinyl.cis-polybuladi- 
ene rubber generated from the resulting polymerization mix- 



lure, the method including a step of adding a polymer sub- 
stance with at least one unsaturated double bond per repeating 
unit to the production system of vinyl.cis-polybutadiene rub- 
ber. 

[0034] 15. The method for producing vinyl.cis-polybutadi- 
ene rubber as described in 14. above, where the polymer 
substance is at least one selected from polyisoprene, crystal- 
lizable polybutadiene of a melting point ol'0° C. to 1 50° C, 
liquid polybutadiene, and derivatives thereof. 
[0035] 1 6. The method for producing vinyl.cis-polybutadi- 
ene nibber as described in 1 4. or 1 5. above, where the amount 
oflhe polymer substance to be added to the production system 
is within a range of 0.01 to 50% by mass to the vinyl.cis- 
polybutadiene rubber to be obtained. 
[0036] 1 7. The method forproducing vinyl.cis-polybutadi- 
ene rubber as described in any of 14. through 16. above, 
where the step of adding the polymer substance to the pro- 
duction system is carried out in the polymerization mixture at 
an appropriate time point from the step of the cis-1,4 poly- 
merization step to the step of the separation and recovery of 
the vinyl.cis-polybutadiene rubber generated from the poly- 
merization mixture obtained after the completion of the 1,2 
polymerization. 

[0037] 1 8. The method for producing vinyl.cis-polybutadi- 
ene rubber as described in any of 14. through 17. above, 
where the hydrocarbon-series solvent is a hydrocarbon-series 
solvent with a solubility parameter of 9.0 or less. 
[0038] 19. A butadiene rubber composition prepared by 
compounding the vinyl .cis-polybutadiene rubber obtained by 
the production method described in any of 14. through 18. 
above at 10 to 300 parts by mass per 100 parts by mass of a 
nibber selected from natural nibber, polyisoprene rubber, 
styrene-butadiene copolymer rubber or a blend rubber of at 
least two types thereof. 

]0039] 20. A butadiene nibber composition for tire, where 
the vinyhcis-polybutadicnc rabbcr obtained by the produc- 
tion method described in any of 14. through 18. above and/or 
the butadiene nibber composition described in 12, 13 or 19 
above is used. 

[0040] In a preferable embodiment, the vinyl.cis-polybuta- 
diene nibber of the invention (abbreviated as "VCR" herein- 
after) is a novel VCR where the 1, 2-polybutadiene is 1,2- 
polybutadiene of a melting point of 1 70° C. or more, where 
the polymer substance of a melting point lower than that of 
the 1, 2-polybutadiene and with at least one unsaturated 
double bond per repeating unit (sometimes abbreviated as 
"unsaturated polymer substance" hereinafter) is at least one 
selected from polyisoprene, crystallizable polybutadiene of a 
melting point less than 170° C, liquid polybutadiene and 
derivatives thereof, and where the 1, 2-polybutadiene of a 
melting point of 1 70° C. or more and the unsaturated polymer 
substance arc present concurrently in the matrix of cis-polyb- 
utadiene nibber and are dispersed therein. 
[0041] Owing to the concurrent presence of 1 ,2-polybuta- 
diene of a high melting point exerting very strong interaction 
between polymers as a very excellent reinforcing component 
and such unsaturated polymer substance with a relatively low- 
melting point such as polyisoprene, consequently, the VCR in 
accordance with the invention has remarkably improved dis- 
persibility of the 1 ,2-polybutadiene of a high melting point in 
the cis-polybutadiene nibber as the matrix component due to 
the compatible effect oflhe concurrently present unsaturated 
polymer substance, compared with the VCR in the related art, 
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so lhal the conlenl of the 1 ,2-polybutadiene of a high melting 
point as an excellent reinforcing component can be raised. 
[0042] The characteristics of the VCR in accordance with 
the invention as described above enable great improvement of 
various physico-chemical properties strongly demanded in 
the production of tire articles and in other uses. When the 
VCR of the invention is used in a butadiene rubber composi- 
tion for tire, in particular, the composition has such a small die 
swell ratio (as the ratio of the diameter of the compounded 
material to die orifice diameter during extrusion) during tire 
production, so mat the composition exerts great extrusion 
proccssability and opcrability. Additionally, the vulcanized 
product of the composition exerts excellent break-resistant 
properties, abrasion resistance, sliding friction resistance and 
the like mainly required for side tread of tire and the like. 
Because the flex-crack-growth resistance thereof is very great 
and the rigidity thereof is high, further, the amount of rein- 
forcing materials such as carbon and silica to be used can be 
reduced, enabling low fuel consumption owing to the weight 
decrease of tire. Thus, tire using the VCR of the invention as 
a raw material for side treads and the like exerts excellent 
running stability and high-speed durability and additionally 
enables low fuel consumption. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0043] The foregoing summary, as well as the following 
detailed description of the invention, will be better under- 
stood when read in conjunction with the appended drawings. 
For the purpose of illustrating the invention, there arc shown 
in the drawings embodiments which are presently preferred. 
It should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentalities 
shown. 

[0044] In the drawings: 

[0045] FIG. 1 is one schematic view of a dispersion 
embodiment of the unsaturated polymer substance in relation 
to the crystal fiber of the 1 .2-poly butadiene of a melting point 
of 170" Cor more. 

[0046] FIG. 2 is another schematic view of a dispersion 
embodiment of the unsaturated polymer substance in relation 
to the crystal fiber of the 1 .2-polybutadiene of a melting point 
of 170° Cor more. 

[0047] FIG. 3 is a still other schematic view of a dispersion 
embodiment of the unsaturated polymer substance in relation 
to the crystal fiber of the 1 ,2-polybutadiene of a melting point 
of 170° Cor more. 

[0048] FIG. 4 is an additional schematic view of a disper- 
sion embodiment of the unsaturated polymer substance in 
relation to the crystal fiber of the 1, 2-polybutadiene of a 
melting point of 170° C. or more. 
[0049] FIG. 5 is an electron micrograph depicting the 
microstructure of the vinyl.cis-polybutadiene rubber 
obtained in Comparative Example 1 . 
[0050] FIG. 6 is an electron micrograph depicting the 
microstructure of the vinyl.cis-polybutadiene rubber 
obtained in Example 1 . 

[0051] FIG. 7 is an electron micrograph depicting the 
microstructure of the vinyl.cis-polybutadiene rubber 
obtained in Example 3. 

[0052] FIG. 8 is an electron micrograph depicting the 
microstructure of the vinyl.cis-polybutadiene rubber 
obtained in Example 4. 



[0053) In the figures, symbol "1 " expresses matrix; "2", the 
crystal fiber of the 1, 2-polybutadiene of a melting point of 
170" C. or more; "3", the microparticle of unsaturated poly- 
mer substance. 

DETAILED DESCRIPTION OF THE INVENTION 

[0054] The VCR of the invention generally has the follow- 
ing constitution. Specifically, the VCR generally contains (1) 
one to 50 parts by mass of 1 ,2-polybutadiene of a melting 
point of 170° C. or more; (2) 100 parts by mass of cis- 
polybutadiene rubber and (3) an unsaturated polymer sub- 
stance at 0.01 to 50% by mass of the total of (1) and (2). 
Additionally, the 1 ,2-polybutadiene of a melting point of 
170° C or more as the component (1) generally forms a 
crystal fiber with the mean length of the mono-dispersed fiber 
crystal along short axis being 0.2 um or less and an aspect 
ratio being 1 0 or less, which is in a short fiber form with the 
mean number of the mono-dispersed fiber crystal being lOor 

[0055] The crystal fiber of the 1 ,2-polybutadiene as the 
component (1 ) is in a short liber form of the mean length of the 
mono-dispersed fiber crystal along short axis being 0.2 um or 
less, preferably 0.1 urn or less; with an aspect ratio of 10 or 
less, preferably 8 or less; and with the mean number of the 
mono-dispersed fiber crystal being 1 0 or more, preferably 1 5 
or more, and additionally of a melting point of 170° C. or 
more, preferably 190 to 220° C. 

[0056] The cis-polybutadicnc rubber as the component (2) 
preferably lias the following characteristics. In other words, 
the cis-polybutadiene rubber as the component (2) lias a 
Mooney viscosity (ML 1+4 100° C. abbreviated as "ML" here- 
inafter) of preferably 10 to 50, more preferably 10 to 40. In 
such manner, effectively, the operability during compound- 
ing is improved, while the dispersion of the component (1) in 
the component (2) is improved. Additionally, the cis-polyb- 
utadicnc rubber as the component (2) has preferably the fol- 
lowing characteristics. In otherwords, the viscosity thereof in 
toluene solution (centipoise/25 0 C. abbreviated as "T-cp" 
hereinafter) is preferably 10 to 150, more preferably 10 to 
1 00: and fo](intrinsic viscosity) is 1 .0 to 5.0, preferably 1 .0 to 
4.0. Additionally, the content ratio of the 1,4-cis structure is 
80% by mass or more, preferably 90% by mass or more. 
Additionally, the cis-polybutadiene nibber as the component 
(2) substantially never contains gel matters. Herein, the 
phrase "substantially never containing gel matters" means 
that toluene-insoluble matters are at 0.5% by mass or less. 
[0057] The end and/or main chain of the polybutadiene 
nibber obtained by the cis-1,4 polymerization may be modi- 
fied. As such modifier, organic silicone compounds contain- 
ing at least amino group and alkoxy group, organic silicone 
compounds containing alkoxy group, unsaturated carboxylic 
acid or derivatives thereof, halogen-series compounds, and 
compounds with hetero-three membered-rings may be used. 
The amount of such modifier to be used is 0.01 to 150mmol 
per 1 00 g of the generated polybutadiene (polybutadiene nib- 
ber). When the amount of the modifier to be used is less, the 
modification effect is hardly exerted. When the amount 
thereof to be used is too much, the modifier still unreactive is 
likely to remain in polybutadiene. It requires laborious works 
to eliminate the modifier, unpreferably. Herein, the Mooney 
viscosity of the modified product is preferably increased by 
one or more, compared w ith the original rubber before modi- 
fication. So as to promote the reaction, organic peroxides can 
be added. Preferably, the modified polybutadiene obtained by 
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the method has a Mooney viscosity (ML 1+4 , 100° C.) wilhin 
a range of 20 to 80 and has a weight average molecular weight 
of 200,000 to 1,000,000 by gel permeation method, where 
80% by mass or more of the repeating unit has cis-1 ,4 struc- 
ture. Additionally, the content of the vinyl structure in the 
microstructure is preferably 15% by mass or less. 
[0058] Herein, the toluene-insoluble matters express gel 
matters attached on a metal net after filtration, by completely 
dissolving 1 0 g of a sample rubber and 400 ml of toluene in an 
Erlemneyer flask at RT (25° C.) and filtering the resulting 
solution, using a filtration device arranged with the metal net 
of 200 mesh. The ratio expresses a value measured by drying 
the net attached with the gel in vacuum to measure the 
attached amount thereof to calculate the percentage to the 
sample rubber. 

[0059] Additionally, [ti] (intrinsic viscosity) is a value 
determined according to the following formula, by placing 
0.1 g of a sample rubber and 100 ml of toluene in an Erlen- 
meyer flask, completely dissolving the sample rubber at 30° 
C, subsequently placing the solution of 10 ml in a Canon 
Feuske dynamic viscometer in a thermostat water bath con- 
trolled at 30° C, and measuring the drop time (T) of the 
solution. 

W-7>T 0 -1 

[0060] (T 0 : drop time of toluene alone) 
[0061] T|sp/c-h]+k'[iiJ 2 C 

[0062] (r|sp: specific viscosity; k':Huggins constant (0.37); 
C; sample concentration (g/ml)) 

[006.3] The ratio between the l ,2-polybutadiene crystal 
fiber as the component (1) and the cis-polybutadiene as the 
component (2) is one to 50 parts by mass, preferably one to 30 
parts by mass of the 1 ,2-polybutadiene crystal fiber as the 
component (1) to 100 parts by mass of the cis-polybutadiene 
as the component (2). Within the range, the following draw- 
backs can be avoided: when the amount of the 1,2-polyuta- 
dicne crystal fiber is so large to exceed 50 parts by mass, the 
short fiber crystal of the 1 ,2-polybutadiene crystal fiber in the 
cis-polybutadiene rubber is likely to be large, causing poor 
dispersibility thereof; when the amount of the 1 ,2-polyutadi- 
ene crystal fiber is small less than one part by mass, the 
reinforcibility with the short fiber crystal is deteriorated. 
Thus, problems hardly occur, such that the characteristic elas- 
tic modulus, flex-crack-growth resistance, and oxidation deg- 
radation are exerted with difficulty and the processability is 
deteriorated. Therefore, the range is preferable. Further, the 
ratio of the unsaturated polymer substance as the component 
(3) is 0.01 to 50% by mass, preferably 0.01 to 30% by mass of 
VCR, as described above. The range is preferable because the 
deterioration of the dispersibility due to the aggregation of the 
1 ,2-polybutadiene crystal fiber as the component ( 1 ) can be 
suppressed, and an associated deterioration of the various 
physico-chemical properties of VCR can be suppressed. 
[0064] Further, the ratio of the 1 ,2-polybutadiene of a melt- 
ing point of 170° C. or more as the component (1) and the 
unsaturated polymer substance as the component (3) is 0.02 
to 100 parts by mass, preferably 0.05 to 80 parts by mass of 
the component (3) per 100 parts by mass of the component 
(1). Additionally, the total amount of the components (1 ) and 
(3) is 1 .0 1 to 1 00 parts by mass, preferably 1 .03 to 90 parts by 
mass per 1 00 parts by mass ofthe cis-polybutadiene rubber as 
the component (2). 

[0065] The method for producing VCR in accordance with 
the invention is described below in detail. 



[0066] For the VCR production in accordance with the 
invention, generally, 1,3-butadiene is polymerized, using a 
hydrocarbon-series solvent. The hydrocarbon-series solvent 
is preferably a hydrocarbon-series solvent with a solubility 
parameter (abbreviated as "SP value" hereinafter) of 9.0 or 
less and is more preferably a hydrocarbon-series solvent with 
a solubility parameter of 8.4 or less. The hydrocarbon-scries 
solvent with a solubility parameter of 9.0 or less includes for 
example aliphatic hydrocarbons and alicyclic hydrocarbons, 
such as n-hexane (SP value: 7.2), n-pentane (SP value: 7.0), 
u-octanc (SP value: 7.5), cyclohexane (SP value: 8.1) and 
n-butane (SP value: 6.6). Among them, for example, cyclo- 
hexane is preferable. 

[0067] The SP values of these solvents are known in refer- 
ences such as Rubber Industry Manual (Gomu Kogyo Binran) 
(the 4th edition, Nippon Rubber Association Foundation 
(Nippon Gomu Kyokai), issued on Jan. 20, 1994, page 721). 
[0068] By using a solvent with an SP value smaller than 9.0, 
preferably, the dispersion of the short fiber crystal of the 
1 ,2-polybutadiene crystal fiber in the cis-polybutadiene rub- 
ber is at a state expected in accordance with the invention, so 
that excellent die swell characteristic, high tensile stress, 
tensile strength and high flex-crack-growth performance can 
be preferably exerted. 

|0069| First, 1,3-buladiene and the solvent are mixed 
together, to ad just the concentration of water in the resulting 
solution. WateriswithinarangeofpreferablyO.l to 1.0 mole, 
particularly preferably 0.2 to 1.0 mole per one mole of an 
organic aluminum chloride used as the cis-1 ,4 polymerization 
catalyst in the solution. The range is preferable because suf- 
ficient catalytic activity can be obtained to provide a prefer- 
able content and molecular weight of cis-1,4 structure and 
because gel occurrence during polymerization can be sup- 
pressed, to prevent gel adhesion onto polymerization tanks or 
the like, so that continuous polymerization time can be pro- 
longed. As the method for adjusting water concentration, 
known methods are applicable. A method of addition and 
dispersion through porous filters (JP-A-4-85304) is effective. 
|0070] To the solution obtained by adjusting water concen- 
tration is added an organic aluminum chloride as one of 
cis-1,4 polymerization catalysts. As such organic aluminum 
chloride, a compound represented by the general formula 
A1R X 3 .„ is preferably used. Specific examples thereof pref- 
erably include diefhylaluminum monochloride, diethylalu- 
mimim monobromidc, diisobutylaluminum monochloride, 
dicyclohexylaluminum monochloride. diphenylaluminum 
monochloride, and diethylaluminum sesquichloride. The 
amount of such organic aluminum chloride to be used is 
preferably 0. 1 mmol or more, 0.5 to 50 mmol per one mole of 
the total amount of 1 ,3-butadiene. 
[0071] Then, a soluble cobalt compound as another one of 
the cis-1,4 polymerization catalysts is added to a mixture 
solution to which the organic aluminum chloride is prelimi- 
narily added, for the cis-1 ,4 polymerization of 1 ,3-butadiene. 
Such soluble cobalt compound includes those soluble in 
hydrocarbon-series solvents or liquid 1,3-butadiene to be 
used or uniformly dispersible ones therein, for example 
cobalt P-diketone complex, such as cobalt (II) acetylaceto- 
nate and cobalt (111) acetylacetonate, cobalt fi-keto acid ester 
complex, such as cobalt acetoacetic acid ethyl ester complex, 
cobalt salts of organic carboxylic acids with 6 or more carbon 
atoms, such as cobalt octoatc, cobalt naphthenate and cobalt 
benzoate, and halogenaled cobalt complexes such as cobalt 
cliloride pyridine complex and cobalt chloride ethyl alcohol 
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complex. The amount of such soluble cobalt compound to be 
used is preferably 0.001 mmol or more, more preferably 
0.005 mmol or more per one mole of 1 ,3-butadiene. The 
molar ratio (Al/Co) of an organic aluminum chloride to such 
soluble cobalt compound is 10 or more, particularly 50 or 
more. Still additionally, organic carboxylate salts of nickel, 
organic complex salts of nickel, organic lithium compounds, 
organic carboxylate salts of neodyinium and organic complex 
salts of neodymium may also be used other than the soluble 
cobalt compound. 

[0072] The temperature for the cis-1,4 polymerization is 
generally within a range of a temperature above 0°C. to 100° 
C. preferably 10 to 100° C, more preferably 20 to 100° C. 
Polymerization time (mean retention time) is preferably 
within a range of 10 minutes to 2 hours. The cis-1,4 polymer- 
ization is preferably done so that the polymer concentration 
after the cis- 1 ,4 polymerization may be 5 to 26% by mass. As 
the polymerization tank, one tank or two or more tanks in 
conjugation are used. The polymerization is carried out while 
the solution is mixed together under agitation in the polymer- 
ization tank (polymerization apparahis). As the polymeriza- 
tion tank for use in polymerization, a polymerization tank 
equipped with an agitation unit for highly viscous solution, 
for example the apparatus described in JP-B-40-2645, can be 
used. 

[0073] For the VCR production in accordance with the 
invention, known molecular weight adjusters, for example 
non-conjugated dienes such as cyclooctadicne, allene and 
melhylallene (1,2-buladiene) or a -olefins such as ethylene, 
propylene and butene- 1 can be used during the cis- 1 ,4 poly- 
merization. So as to further suppress gel generation during 
polymerization, known gelation-preventing agents can be 
used. Additionally, the content of the cis-1,4 structure in the 
polymerized product is generally 80% by mass or more, 
preferably 90% by mass or more, with ML1 0 to 50, preferably 
10 to 40 and with substantially no content of gel mailers. 
[0074] 1 ,3-Dutadiene is 1 ,2 polymerized to produce VCR, 
by adding an organic aluminum compound represented by the 
general formula A1R 3 and carbon sulfide, and the soluble 
cobalt compound if necessary as the 1,2 polymerization cata- 
lyst, to the cis-1,4 polymerization mixture thus obtained. 
Then, the resulting 1 ,3-butadiene may be added to the poly- 
merization mixture. Otherwise, the resulting 1,3-butadieue 
may not be added to the polymerization mixture but unreac- 
tivc 1,3-butadicnc may be reacted. The organic aluminum 
compound represented by the general formula A1R 3 prefer- 
ably includes trimethylaluminum, triethylalumiuum, tri- 
isobutylaluminum, tri(n-hexyl)aluminum and triphenylalu- 
minum. The organic aluminum compound is at 0.1 mmol or 
more, particularly 0.5 to 50 mmol or more per one mole of 
1 ,3-butadiene. Without specific limitation, carbon disulfide 
preferably never contains moisture. The concentration of car- 
bon disulfide is 20 mmol/L or less, particularly preferably 
0.01 to 10 mmol/L. As an alternative of carbon disulfide, 
known isolhiocyanale phenyl and xanlhogenic acid com- 
pounds may be used. 

[0075| The temperature for the 1,2 polymerization is gen- 
erally within a range of 0 to 100° C, preferably lOto 100°C, 
more preferably 20 to 100° C. The yield of 1 ,2-polybutadiene 
can be raised during 1 ,2 polymerization, by adding one to 50 
parts by mass, preferably one to 20 parts by mass of 1,3- 
butadicnc per 1 00 parts by mass of the cis-1 ,4 polymerization 
mixture to the polymerization system for 1 ,2 polymerization. 
The polymerization time (mean retention time) is preferably 



within a range of 1 0 minutes to 2 hours. The 1 ,2 polymeriza- 
tion is preferably carried out so that the polymer concentra- 
tion after the 1,2 polymerization might be 9 to 29% by mass. 
As the polymerization tank, one tank or two or more tanks in 
conjugation are used. The polymerization is carried out while 
the polymerization solution is mixed together under agitation 
in the polymerization tank (polymerization apparatus). As the 
polymerization lank for use in the 1,2 polymerization, a poly- 
merization tank equipped with an agitation unit for highly 
viscous solution, for example the apparatus described in 
JP-B-40-2645, can be used, because the viscosity of the poly- 
merization solution is increased during the 1,2 polymeriza- 
tion and the polymer apts to be attached. 
[0076] For the VCR production in accordance with the 
invention, the process of producing VCR by the cis-1,4 poly- 
merization and subsequent 1,2 polymerization as described 
above includes a step of adding a polymer substance of a low 
melting point and with at least one unsaturated double bond 
per repeating unit to the VCR production system. When the 
unsaturated polymer substance is added after VCR produc- 
tion, for example during compounding, the advantage of the 
invention cannot be obtained. The addition of such unsatur- 
ated polymer substance to a production system is preferably 
done into the polymerization mixture at an appropriate time 
point from the cis- 1 ,4 polymerization to the 1 ,2 polymeriza- 
tion, more preferably at the time of the 1 .2 polymerization. 
[0077] The unsaturated polymer substance preferably is at 
least one selected from polyisoprene, crystallizable polybuta- 
diene of a melting point less than 1 70° C, liquid polybutadi- 
ene, a polymeric compound containing oxygen bond, and 
derivatives thereof. 

[0078] Polyisoprene includes for example general syn- 
thetic polyisoprene (cis-1, 4-polyisoprene at a content of the 
cis structure of 90% by mass or more, etc.), liquid polyiso- 
prene, and trans-polyisoprene. 

[0079] The crystallizable polybutadicnc of a melting point 
less than 1 70° C. is preferably a crystallizable polybutadiene 
of a melting point of 0° C. to 150" C, which includes for 
example 1 ,2-polybutadiene and trans-polybutadiene with low- 
melting points. 

[0080] The liquid polybutadiene includes for example 
polybutadiene with a very low molecular weight and with an 
intrinsic viscosity [t|]=1 or less. 

[0081] The polymeric compound containing oxygen bond 
is preferably compounds with ether group, epoxy group, car- 
boxy 1 group, ester group, hy droxyl group and carbonyl group . 
Specific compounds thereof include for example phenol 
resin, nylon resin, polyurethane. polyethylene glycol, epoxy- 
lated polybutadiene, polyester, epoxylated styrene/butadiene 
copolymer, polyaryl ether, and allyl ether copolymer. By 
adding such polymeric compound containing oxygen bond to 
a polymerization system, the interface affinity changes 
between cis-polybutadiene as the matrix component of the 
vinyl. cis-polybutadiene rubber and the 1,2-polybutadiene 
crystal fiber, so thatthe mono-dispersion of the fiber crystal of 
the 1,2-polybutadicnc crystal fiber and various properties of 
vinyl. cis-polybutadiene rubber can effectively be improved. 
[0082] Additionally, the derivatives thereof include for 
example isoprene.isobutylene copolymer, isoprene.styrene 
copolymer, styrene.isoprene.styrene block copolymer, liquid 
epoxylated polybutadicnc, liquid carboxyl-modificd polyb- 
utadiene, and the like, and hydrogenaled products of these 
derivatives. 



US 2008/0233399 Al 



6 



Sep. 25, 2008 



[00831 Among the individual unsaturated polymer sub- 
stances, preferably, isoprene, styrene-isoprene-styrene block 
copolymerand 1 ,2-polybutadiene of a melting point of 70° C. 
to 1 10° C. are used. Additionally, the individual unsaturated 
polymer substances may be used singly or in mixture of two 
or more thereof. 

[0084] When the unsaturated polymer substances as 
described above are added, the dispersibiliry of the 1,2-po- 
lybutadiene of a melting point of 170° C. or more in the 
cis-polybutadicnc rubber as the matrix component can be 
prominently improved owing to the compatible effect of the 
unsaturated polymer substance in the resulting VCR, as 
described above, so that the characteristics of the resulting 
VCR are so excellent. 

[0085] The amount of the unsaturated polymer substance to 
be added is within a range of preferably 0.01 to 50% by mass, 
more preferably 0.01 to 30% by mass to the obtained vinyl, 
cis-polybutadiene rubber. At any time point of addition, fur- 
ther, agitation is done for preferably 10 minutes to 3 hours, 
more preferably 10 minutes to 30 minutes after addition. In 
case of a polymeric compound containing oxygen bond, 
herein, the amount thereof to be added is within a range of 
preferably 0.01 to 20% by mass, more preferably 0.01 to 10% 
by mass to the obtained vinyl.cis-polybutadiene rubber. The 
method for addition in that case is with no specific limitation. 
During the cis 1,4 polymerization or 1.2 polymerization to 
produce vinyl.cis polybutadiene rubber, and/or at the termi- 
nation of the polymerization of vinyl.cis polybutadiene rub- 
ber, the addition can satisfactorily be done. The addition at the 
time of 1 ,2 polymerization is preferable. After addition, pref- 
erably, agitation is done for 1 0 minutes to 3 hours. Preferably, 
agitation time is 10 minutes to 30 minutes. 
[0086] In addition to the unsaturated polymer substance, an 
organic compound containing oxygen bond is preferably 
added. The organic compound containing oxygen bond pref- 
erably includes for example compounds with ether group, 
epoxy group, carboxyl group, ester group, hydroxyl group 
and carbonyl group, which includes for example acid anhy- 
dride, aliphatic alcohol, aromatic alcohol, aliphatic etb.er.aro- 
matic ether, aliphatic carboxylic acid.aromatic carboxylic 
acid.unsaturated carboxylic acid, or aliphatic carboxylate 
ester-aromatic carboxylate ester.unsaturated carboxylate 
ester. The amount thereof to be added is within a range of 
preferably 0.01 to 20% by mass, more preferably 0.01 to 10% 
by mass to the obtained vinyl.cis-polybutadiene rubber. The 
method for addition in that case is with no specific limitation. 
During the cis 1,4 polymerization or 1,2 polymerization to 
produce vinyl.cis polybutadiene rubber, and/or at the termi- 
nation of the polymerization of vinyl.cis polybutadiene rub- 
ber, the addition may satisfactorily be done. The addition at 
the lime of 1,2 polymerization is preferable. After addition, 
preferably, agitation is done for 10 minutes to 3 hours. Pref- 
erably, agitation tune is 10 minutes to 30 minutes. 
[0087] After the polymerization reaches a predetermined 
polymerization ratio, known antioxidants are added accord- 
ing to general methods. Typical examples of such antioxi- 
dants include phenol-series 2,6-di-t-butyl-p-cresol (BHT), 
phosphorous-series trinonylphenyl phosphite (TNP), sulfur- 
series 4,6-bis(octylthiomethyl)-o-cresol, and dilauryl-3,3'- 
fhiodipropionate (TPL). The antioxidants may be used singly 
or in combination of two or more thereof. Hie antioxidants 
arc added to 0.001 to 5 parts by mass per 1 00 parts by mass of 
VCR. Subsequently, a polymerization-terminating agent is 
added to the polymerization system to terminate the polymer- 



ization. The method therefor includes for example known 
methods per se, such as a method of feeding a polymerization 
mixture after termination of the polymerization to a polymer- 
ization-terminating tank, and charging a large amount of a 
polar solvent such as alcohol such as methanol and ethanol 
and water in the polymerization mixture or introducing inor- 
ganic acids such as hydrochloric acid and sulfuric acid, 
organic acids such as acetic acid and benzoic acid, and hydro- 
gen chloride gas to the polymerization mixture. Then, the 
generated VCR is separated and recovered, rinsed and dried 
according to general methods, to obtain the intended VCR. 
[0088] The VCR of the invention thus obtained generally is 
at a ratio of the individual components, namely the ratio of 
1,2-polybutadiene of a melting point of 170° C. or more, 
cis-polybutadiene rubber and the unsaturated polymer sub- 
stance as described above, where 80% by mass of the micro- 
structure of cis-polybutadiene rubber is cis-l,4-polybutadi- 
ene and the remaining thereof is trans- 1 ,4-polybutadiene and 
vinyl-1 ,2-polybutadiene. The cis-polybutadiene and the 
unsamrated polymer substance are singly (namely, at unreac- 
tivc states) soluble in boiling n-hcxanc, and the 1 ,2-polybuta- 
diene of a melting point of 1 70° C. or more and the unsatur- 
ated polymer substance physically/chemically adsorbed are 
insoluble in boiling n-hexane (abbreviated as "11.1" hereinaf- 
ter). The 1,2-polybutadiene of a melting point of 170° C. or 
more generally has a melting point of 1 70° C. to 220° C, and 
is a crystal fiber in short fiber as described above. Addition- 
ally, the ML of cis-polybutadicnc rubber is 10 to 50, prefer- 
ably 20 to 40 as described above. 

[0089] Additionally, the VCR of the invention is composed 
of the 1 ,2-polybutadiene of a melting point of 1 70° C. or more 
and the unsaturated polymer substance dispersed uniformly 
in the matrix of cis-polybutadiene rubber. 
[0090] In the VCR of the invention, generally, the 1,2- 
polybutadiene of a melting point of 1 70° C. or more is dis- 
persed in crystal fiber as described above. Additionally, the 
unsaturated polymer substance can be dispersed in various 
modes in association with the crystal fiber of the 1 ,2-polyb- 
utadiene of a melting point of 1 70 u C. or more. As schemati- 
cally shown in FIG . 1, the various modes include for example 
a mode of the crystal fiber "2" of the 1 .2-polybutadiene of a 
melting point of 1 70° C. or more and the microparticle "3" of 
the unsaturated polymer substance separately dispersed in the 
matrix " 1 "; a mode of the microparticle "3" of the unsaturated 
polymer substance dispersed in a form being attached to the 
crystal liber "2" of the 1 ,2-polybutadiene in the matrix "1" as 
schematically shown in FIG. 2; a mode of the crystal fiber "2" 
of the 1 .2-polybutadiene dispersed in a form being attached to 
the microparticle "3" of the unsaturated polymer substance in 
the matrix " 1 " as schematically shown in FIG. 3; and a mode 
of the dispersion of the crystal liber "2" of 1 ,2-polybutadiene 
in a state thereof included and dispersed in the microparticle 
"3" of the unsaturated polymer substance in the matrix " 1" as 
schematically shown in FIG. 4. A mode in combination of two 
or more of the dispersion modes shown in FIGS. 1 through 4 
may be possible. In FIGS. 1 through 4, "1" expresses matrix; 
"2", the crystal fiber of the 1,2-polybutadiene of a melting 
point of 170° C. or more; and "3", the microparticle of the 
unsaturated polymer substance. 

|0091] By the method for producing VCR of the invention, 
the 1,3-butadiene and the hydrocarbon-series solvent sub- 
stantially never containing carbon sulfide arc recovered by 
separating and removing carbon disulfide froma mother solu- 
tion of the polymerization mixture containing the unreactive 
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1,3-butadiene, the hydrocarbon-series solvent and carbon 
disulfide remaining after the separation and recovery of the 
generated VCR, generally by distillation to separate 1 ,3-buta- 
diene and the hydrocarbon-series solvent or by adsorption 
and separation process of carbon disulfide or by separation 
process of carbon disulfide adducts. Additionally, the 1,3- 
butadicnc and the hydrocarbon-series solvent substantially 
never containing carbon sulfide are recovered by recovering 
the three components from a mother solution of the polymer- 
ization mixture by distillation, and separating and removing 
carbon disulfide from the distillate by the adsorption and 
separation or the separation process of carbon disulfide 
adducts. The carbon disulfide and the hydrocarbon-series 
solvent recovered in the aforementioned maimer are mixed 
with freshly fed 1,3-butadicnc for recycling. 
[0092| The mass average molecular weight of the boiling 
n-hexane-soluble matter on a polystyrene basis in the VCR of 
the invention is preferably 300,000 to 800,000. more prefer- 
ably 300,000 to 600,000, for ready crystallization of the 
mono-dispersed fiber. The relation T-CP/ML between the 
toluene solution viscosity (T-CP) of die boiling n-hexane- 
soluble matter of VCR and the Mooney viscosity (ML) is 
preferably 1 or more, more preferably 1 to 4. 
[0093] According to the VCR production method, the VCR 
of the invention can be produced continuously for a long 
period of time, industrially advantageously, at a high catalyst 
efficiency and with high processability of the catalyst com- 
ponent. Industrially advantageously at a high conversion 
ratio, the VCR can be continuously produced, particularly 
without any attachment to the inner wall or agitation wing 
inside the polymerization tank or to a part with a slow agita- 
tion. 

[0094] The VCR of the invention is used singly for use as 
tire or is used therefor by being compounded with other 
synthetic rubber or natural rubber, extended with process oil 
if necessary and vulcanized with addition of fillers such as 
carbon black, vulcanizing agents, vulcanization-accelerators 
and othergeneral compounding agents. With no specific limi- 
tation to any tire member, the VCR is used for side wall, or 
tread, stiffener, bead filler, inner liner, caucus, tire cord coat- 
ing, and base tread. With no specific limitation to tire types, 
the VCR is used for highly rigid tire, vehicle tire, tires of large 
vehicles such as bus and truck, forklift tire, van. light truck 
tire, SUV (for use in 4x4) tire, motor cycle tire, stud-less tire, 
and radial tire. Additionally, the VCR is used for rubber uses 
toward which mechanical properties and abrasion resistance 
are demanded, such as hose, belt, golf ball, shoe sole, adhe- 
sive, antivibration rubber, soundproof material, other poly- 
mer-series complex materials, other various industrial 
articles and the like. Further, the VCR may be used as plastic 
modifiers. 

[0095] Compositions prepared by adding the compounding 
agents to the VCR of the invention and kneading the resulting 
mixture together have lowered die swell ratios of 20 or less on 
an index basis, compared with VCR in the related art (lowered 
such value represents excellency) and have therefore very 
great extrusion processability. 

[0096] Additionally, the VCR composition (compounded 
material) in accordance with die invention when vulcanized 
has got improved hardness and tensile stress. The VCR com- 
position has particularly improved 100-% tensile stress and 
has the increase around 40 on an index basis compared with 
the VCR obtained by the methods of the related art (increased 
such value represents excellency) and a greatly improved 



reinforcing effect. Furthermore, the VCR composition has 
greatly improved flex-crack-growth resistance around 30 on 
an index basis (increased such value represents excellency) 
and exerts an effect of suppressing flex crack. Additionally, 
the permeability of gases such as oxygen as a thermo-resistant 
property demanded toward run flat tire and the like is lowered 
by around 5 (lower such value represents excellency) on an 
index basis, compared with the VCR obtained by methods of 
the related art, exerting an effect on the suppression of heat 
involved in oxidative deterioration. 
[0097] For the exertion of the various physico-chemical 
properties, preferably, the 1 ,2-polybutadicnc crystal fiber dis- 
persed in VCR is partially dispersed in a mono-dispersed 
form as microfine crystal in the matrix of cis-polybutadiene 
rubber (abbreviated as "BR" hereinafter) and concurrently 
present with a large 1,2-polybutadiene crystal fiber with an 
aggregated structure, bother words, the mono-dispereed 1,2- 
polybutadiene crystal fiber in the BR matrix is preferably in a 
short fiber of the mean length of the mono-dispersed fiber 
crystal along short axis being 0.2 urn or less, an aspect ratio of 
10 or less, the mean number of the mono-dispersed fiber 
crystal being 10 or more and a melting point of 170° C. or 
more. In addition to the 1,2-poybutadicnc crystal fiber of a 
melting point of 170° C. or more, preferably, the unsaturated 
polymer substance is dispersed in the BR matrix. The unsat- 
urated polymer substance preferably has high affinity with the 
1 ,2-polybutadiene crystal fiber in the BR matrix, and is dis- 
persed therein at a state of physical and chemical adsorption 
in the vicinity of the crystal fiber (dispersion modes of FIGS. 
2 to 4). As described above, the concurrent dispersion of the 
1 ,2-polybutadiene crystal fiber of a melting point of 1 70° C. 
or more and the unsaturated polymer substance in the BR 
matrix makes the various properties excellent, preferably. 
[0098] A rubber composition prepared by compounding 
and compounding the VCR of the invention in other synthetic 
rubber or natural rubber is now described in detail. The rubber 
composition is suitably compounded with 10 to 300 parts, 
preferably 50 to 200 parts by mass of the VCR per 100 parts 
by mass of natural rubber, synthetic rubber or a blend rubber 
al an appropriate ratio thereof. The synthetic rubber prefer- 
ably includes for example polyisoprene rubber and styrene- 
butadiene copolymer rubber. Additionally, a butadiene rubber 
composition for tire can preferably be produced, using the 
VCR and/or a butadiene rubber composition compounded 
with the VCR. 

[0099] Hie rubber composition of the invention can be 
obtained by kneading the individual components using rou- 
tine Banbury, open roll, kneaderand biaxial kneader. 
[0100] The rubber composition of the invention may be 
kneaded with compounding agents for routine use in rubber 
industries, such as vulcanizing agents, valcanization-acccl- 
eralors, antioxidants, fillers, process oil, zinc oxide and 
stearic acid. 

[0101] As the vulcanizing agents, known vulcanizing 
agents for example sulfur, organic peroxides, resin vulcaniz- 
ing agents, and metal oxides such as magnesium oxide can be 
used. 

[0102] As the valcanization-accelerators, known valcani- 
zation-accelerators for example aldehydes, ammonias, 
amines, guanidines, thioureas, thiazoles, thiurams, dithio- 
carbamates and xanlhales can be used. 
[0103] The antioxidants include for example amine-ketone 
series, imidazole series, amine series, phenol series, sulfur 
series and phosphorous series. 
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|0104] The fillers include for example inorganic fillers such 
as silicic anhydride, calcium carbonate, magnesium carbon- 
ate, talc, iron sulfide, iron oxide, bentonite, zinc oxide, diato- 
maceous earth, china clay, clay, alumina, titanium oxide, 
silica, and carbon black, and organic fillers such as regener- 
ated rubber and powdery rubber. 

[0105] As the process oil, any of aromatic scries, naphthene 
series and paraffin series may be used. 

EXAMPLES 
Examples in accordance with the invention are now 
described specifically below 
Example 1 

[0106] Asolutionof 1.6kgof 1,3-butadicncdissolvcdin 18 
kg of dehydrated cyclohexane was placed in a 30-1, stainless 
steel-made reaction tank with an agitator after the inside was 
substituted with nitrogen gas, into which 4 mmol of cobalt 
octoate, 84 mmol of drethylaluminuni chloride and 70 mmol 
of 1 ,5-cyclooc(adiene were mixed, for agitation at 25° C. for 
30 minutes for cis polymerization. The resulting polymer had 
ML of 33 and T-cp of 59, and a microstmcture of 1 ,2 structure 
at 0.9% by mass, trans- 1,4 structure at 0.9% by mass and 
cis-1 ,4 structure at 98.2% by mass. After the cis polymeriza- 
tion, an unsaturated polvmer substance comprising polyiso- 
prene (1R) (ML=87; cis'- 1,4 structure at 98% by mass) was 
added to the resulting polymerization solution to 5% by mass 
(as the percentage to the resulting vinyl.cis-polybutadiene 
rubber), for agitation at 25° C. for one hour. Immediately 
thereafter, 90 mmol of triethylaluminum and 50 mmol of 
carbon disulfide were added to the polymerization solution, 
for agitation at 25" C. for another 60 minutes, for 1,2 poly- 
merization. After the completion of the polymerization, the 
resulting polymerization solution was added to 18 liters of 
methanol containing 4,6-bis(octylthiomethyl)-o-cresol at 1% 
by mass, for depositing and precipitating a rubber-like poly- 
merized material, which was then separated and rinsed with 
methanol, and dried in vacuum at ambient temperature. The 
yield of the vinyl.cis-polybutadiene rubber thus obtained was 
80%. Subsequently, the vinyl.cis-polybutadiene rubber was 
treated in boiling n-hexane, to separate insoluble matters and 
soluble matters, which were then dried. The polymer as a 
matter soluble in boiling n-hexane had ML of 3 1 , T-cp of 57, 
and a T-cp/ML relation of about 1.8. where the micro struc- 
ture was composed of 1.0% by mass of vinyl- 1,2 structure, 
0.9% by mass of trans-1,4 structure and 98.1% by mass of 
cis-1,4 structure. Additionally, the mass average molecular 
weight on a polystyrene basis was 42x\(f, with [ti] of 1.7. 
The number of the mono-dispersed fiber crystal of 0.2 urn or 
less along short axis as contained in the vinyl.cis-polybutadi- 
ene rubber was 100 or more per 400 urn 2 , while the aspect 
ratio was 10 or less and the melting point was 202° C. 
[0107] The VCR rubber thus obtained was subjected to 
physico-chemical assessment after the VCR rubber was com- 
pounded as shown below and in Table 1. 
[0108J Assessment items and conditions for carrying out 
the assessment 
[0109] Kneading Method 

[0110] Kneading was done according to the following pro- 
cedures. 

[0111] [Primary Compounding] 

[0112] Kneading apparams: Banbury mixer (volume of 1 .7 

liters) 

[0113] Rotation number: 77 rpm 
[0114] Start temperature: 90° C. 



[0115] Kneading Procedures: 

|0116] lime 0: charging VCR/NR (natural rubber) 

[0117] Time 0: charging filler 

[0118] Time 3 min: raising ram for cleaning (15 seconds) 
[0119] Time 5 min: dump. 

[0120] The dumped matter was continuously wound with a 
1 0-inch roll for one minute, for round passing diree times and 
subsequent sheet extrusion. After the compound was cooled 
ibr 2 hours or longer, Ihe compound was subjected to second- 
ary compounding according to the following procedures. 
[0121] [Secondary Compounding] 
[01 22] After the completion of the primary compounding, 
secondary compounding was done according to the following 
procedures. 

[0123] Kneading apparatus: 10-inch roll 
[0124] Roll temperature: 40 to 50° C. 
[0125] Rotation interval : 2 mm 
[0126] Kneading Procedures: 

[0127] (1) Time 0: winding dumped matter and charging 
sulfur and vulcanization-accelerator 
[0128] (2) Time 2 min: cutting 

(0129] (3)Time3 min: sheet extrusion after corner scraping 
and round passing 

[0130] Time Period for Vulcanization 

|0131] Measuring apparatus: JSR curclastomcter type 2F 

[0132] Measuring temperature: 1 50° C. 

[0133] Measuring time period: vulcanization time periods 

of t 90 x2 and t 90 x3 

[0134] Vulcanization Conditions 

[0135] Vulcanizing apparatus: press vulcanization 

[0136] Vulcanizing temperahire: 1 50° C. 

[0137] [Assessment of Physico-Chcmical Properties of 

Raw Rubber] 

[0138] The microstmcture was analyzed by infrared 
absorption spectrometry. Based on Ihe absorption intensity 
13110 317400111"' for cis, 967 cm" 1 for trans and 910 cm" 1 for 
vinyl, the microstructure was calculated. 
[0139] The Mooney viscosity (ML 1+4 ) was measured 
according to JIS K6300. 

[0140) The viscosity in toluene solution (Tcp) was mea- 
sured at 25° C, by dissolving 2.28 g of polymer in 50 ml of 
toluene and using the standard solution for calibrating vis- 
cometer (JIS Z8809) as the standard solution and Canon 
Fenske viscometer No. 400. 

[0141] M im : tensile stress value when a sample of vulca- 
nized rubber exerted an extension ratio of 1 00%, as measured 
according to JISK6301. 

[0142] J B : tensile strength at break of a sample of vulca- 
nized rubber, as measured according to JIS K6301. 
|0143] The melting point of the 1 ,2-polybutadiene crystal 
fiber was determined on the basis of the peak point on endot- 
hermic curve with differential scanning calorimeter (DSC). 
|0144] [Physico-Chemical Properties of Compounded 
Material] 

(0145] Die Swell 

[0146] Measuring apparatus: apparatus for measuring pro- 

cessabiliry as manufactured by 

[0147] Monsanto (MPT) 

[0148] Die shape: circle 

[0149] LID: 1, 10(D=1.5mm) 

[0150] Measuring temperature: 100° C. 

]0151] Shear velocity: 100 sec-1 
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[0152] [Physico-Chemical Properties ol'Vulcanized Prod- 
uct] 

[0153] Hardness, rebound resilience and tensile strength 
were measured according to measuring methods defined by 
J1S-K-6301. 

[0154] Hie tan 8 of dynamic visco-elasticity was measured 
under conditions of a temperature of 70° C. , a frequency of 10 
Hz and a dynamic strain of 2%, using RSA2 manufactured by 
Reometrics Far East LTD. 

[0155] Exothermic property and PS (permanent strain) 
were measured under conditions of a strain of 0.175 inch, a 
load of 55 ponds, 100° C. and 25 minutes with Goodrich 
flexometer according to ASTM D623. 
[0156] The compressed permanent strain was measured by 
compression under conditions of a temperature of 70° C. and 
22 hours with a compression set tester manufactured by 
Ueshima Seisakusho Co.. Ltd. according to JIS K.6301 or 
ASTM D395. 

[0157] As the flex-crack-growth resistance, a number of 
flexing a sample until the crack of the sample reached a length 
of 15 mm or more with a flexing machine manufactured by 
Ueshima Seisakusho Co., Ltd. according to ASTM D81 3 was 
measured. 

[0158] The gas permeability was measured according to the 
measuring method defined by JIS K7126. 
[0159] The tan ft of the dynamic visco-elasticity was mea- 
sured under conditions of a temperature of 70° C, a frequency 
of 10 Hz and a dynamic strain of 2% using RSA2 manufac- 
tured by Rheometrics Far East LTd. 

TABLE 1 



Compounded 

Rubber* chemicals amount (phr) 



Primary- VCR/NR 60/40 

compounding HAF carbon 50 

Process oil 10 

Zinc oxide No. 1 5 




TABLE 1 -continued 



Compounded 

Secondary Vulcanization-accelarator CZ 1 

compounding Sulfiir 1.5 
Total 170.5 



Example 2 

[0160] Vinyl-cis-polybutadiene rubber was obtained in the 
same manner as in Example 1 except for the use of unsatur- 
ated polymer substances (additives) to be added as shown in 
Table! 

Comparative Examples 1 Through 4 
[0161] Synthesis and compounding were done in the same 
manner as in Example 1 except for no addition of unsaturated 
polymer substance (additive), or except for the addition of 
unsatu rated polymer substance not during polymerization but 
during compounding after VCR rubber synthesis (the amount 
of unsaturated polymer substance to be added was 10% by 
mass of VCR). 

[0162] Table 2 shows the raw rubber data of vinyl .cis-po- 
lybuladiene rubber compositions. In the table, the number of 
mono-dispersed fiber crystal was the number per 400 um as 
an index while such crystal of a length ol'0.2|i or less along 
short axis was defined as mono-dispersed SPB fiber crystal. 
[0163] The microslruclure of highly melting SPB in Com- 
parative Example 1 was at 98.8% by mass of vinyl-1 ,2 struc- 
ture, 0.6% by mass of trans-1,4 structure, 0.6% by mass of 
cis-1 ,4 structure and a ratio (A/B) between (A) matrix BR as 
a matter soluble in boiling n-hexane and (B) highly melting 
SPB as a matter insoluble in boiling n-hexane was 88/12. In 
Comparative Example 1, additionally, nsp/c of the polymer 
insoluble in boiling n-hexane was 1.5. (sp/c: expressing the 
magnitude of the molecular weight of 1,2-polybutadiene 
crystal fiber; measured at a temperahire of 135" C; and the 
solvent used was o-dichlorobenzene). 
[0164] In the table, IR represents IR2200 (polyisoprene 
manufactured by JSR); 1 ,2-PB represents RB820 (1,2-polyb- 
utadiene manufactured by JSR). 



TABLE 2 



SPB Mono- Crystal fiber major 

Fiber dispersed Mono- diameter along axis 

crystal SPB dispersed major axis In polymer 

(crystals/400 Mm') ratio Shape H.I (wl %) (um) (pin) 



At the time of Cyclohexane 100 or 10 or less Particle 



Cyclohcx.inc 
(8.1) 

At the time of Cyclohexane 
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Examples 3 Through 12 and Comparative Examples 
3 Through 5 

[0165] Vinyl-cis-polybutadiene rubber was obtained in the 
same manner as in Example I. except for the addition of 
polymer substances and solvents shown in Table 3. 
[0166] In the table, IR represents IR2200 (polyisoprene 
manufactured by JSR); liquid PB is Hiker CTBN 1300x8 



(liquid polybutadiene with a molecular weight of 3,500 as 
manufactured by Ube Industries, Ltd.); epoxylated PB repre- 
sents Epolcad PB360O (epoxylated polybutadiene with a vis- 
cosity of 33 pascal seconds at 45° C. as manufactured by 
Daicel Chemical Industries. Ltd.); aryl ether polymer is Mar- 
yarim AWS-085 1 (viscosity of 400 stokes at 100° C. as manu- 
factured by NOF Corporation). 



(SP value) (crystals/400 urn 2 ) 



Example 3 IR At polymerization Cvclohexane (8.1) 
(5) 

Example 4 Liquid PB At polymerization Cvclohexane (8.1) 

Example 5 Epoxylated At polymerization Cyclohexane (8.1) 

PR (0.5) 

Example 6 Epoxy lated At polymerization Cyclohexane/benzene - 80/ 

PB (0.5) 20 (8.3) 

Example 7 Epoxylated At polymerization Cvclohexane/ 

PB (0.5) benzene = 60/40 
(8.5) 

Example 8 Allyl ether At polymerization Cyclohexane (8.1) 

copolymer (1) 

Example 9 Epoxylated At polymerization n-Hesuie (7.2) 



Example 10 Epoxylated 
PB 

Example 1 



[0167] Data of products compounded with vinyl.cis-polyb- 
utadiene rubber compositions and vulcanized products 
thereof are shown below. In Examples 8 through 12 and 
Comparative Examples 4 and 5, herein, VCR/NR=100/0, rep- 
resenting that NR (natural rubber) was not added during the 
primary compounding, for compounding. 
[0168] Smaller indices of Die swell (100 sec -1 ), gas per- 
meability, exothermic property, PS, compressed permanent 
strain and tan 6 show better excellency. 
[0169] Larger indices of hardness, Ml 00, TB, EB, TR, 
Ranbom abrasion, flex-crack-growth resistance and rebound 
resilience show better excellency. 

TABLE 4 



Comparative Comparative 
Example. 1 Example 2 Example 3 Example 4 Example! Example 2 



Physico-chemical properties of compounded material (index) 



Die swell L/D-l L/D-l L/D-l L'T>- 1 L/D-l L/D-l 

100 sec 1 70 72 76 85 100 99 
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'IABLE4-contimied 



Example 1 Example 2 Example 3 Example 4 Example 1 Example 2 



Gas permeability 
ofN 2 

Gas permeability 
Rebound 



* henucal properti I mpo idcd material (inde> 



Physico-chemical properties of vulcanized product index; 



Physico-chemical properties of vulcanized product (index) 



Gas permeability of N, 
Gas permeability of 0 2 
Rebound resilience 



Rebound resilience 
Exothermic properties 



Example 8 Example 9 



Physico-chemical properties of compounded ma 



L/D-l LD = 1 LID. 
70 73 1(X 

-rties of vulcanized product (index) 
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TABLE 7-continued 



Ranborn abrasion (slip ratio: 



[01 70] FIGS. S through 8 are electron micrographs depict- 
ing the microstructures of vinyl.cis-polybutadiene rubber 
actually obtained. FIG. 5 is the micrograph of Comparative 
Example 1, where 1 ,2-polybutadiene of a melting point of 
1 70° C. or more is a whisker-like crystal to form aggregation 
in the matrix. FIG. 6 is the micrograph of Example 3: FIG. 7 
is the micrograph of Example 2; and FIG. 8 is the micrograph 
of Example 4, where the aggregation formed hy whisker-like 
crystals in the individual figures is small compared with FIG. 
5, indicating better dispersion. 

[01711 It will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
without departing from the broad inventive concept thereof. It 
is understood, therefore, that this invention is not limited to 
the particular embodiments disclosed, but it is intended to 
cover modifications within the spirit and scope of the present 
invention as defined by the appended claims. 

1.-20. (canceled) 

21. A vinyl.cis-polybutadiene rubber containing 1,2-po- 
lybutadiene and a polymer substance of a melting point lower 
dian that of the 1 ,2-polybutadicnc and widi at least one unsat- 
urated double bond per repeating unit, where the 1 ,2-polyb- 
utadiene and the polymer substance are dispersed at physi- 
cally, chemically or physicochetnically adsorbed states in the 
cis-polybutadiene rubber as the matrix component of the 
vinyl.cis-polybutadiene rubber. 

22. 'lhe vinyl.cis-polybutadiene rubber according to claim 
21, where the 1,2-polybutadiene and the polymer substance 
arc dispersed in short crystal fiber, particle or both in the 
cis-polybutadiene rubber as the matrix component of the 
vinyl.cis-polybutadiene rubber. 

23. The vinyl.cis-polybuta.diene rubber according to claim 
21, where the 1,2-polybutadiene is 1,2-polybutadiene of a 
melting point of 1 70" c. or more and the polymer substance is 
at least one selected from polyisoprene, crystallizable polyb- 
uladiene of a melting point of 150° c. or less, liquid polyb- 
utadiene and derivatives thereof. 

24. The vinyl.cis-polybutadiene rubber according to claim 
21, where the unsaturated polymer substance is contained 
within a range of 0.01 to 50% by mass to the total of the 
crystal fiber of the 1,2-polybutadiene and cis-polybutadiene 
rubber. 

25. The vinyl.cis-polybutadiene rubber according to claim 
21 , where the viscosity of the cis-polybutadiene rubber as the 
matrix component in toluene solution at 25° c. is within a 
range of 10 to 150. 

26. The vinyl.cis-polybutadiene rubber according to claim 
21, where [a] of the cis-polybutadiene rubber as the matrix 
component is within a range of 1 .0 to 5.0. 



27. The vinyl.cis-polybutadiene rubber according to claim 
21. where the content of the 1,4-cis structure of the cis- 
polybutadiene rubber as the matrix component is within a 
range of 80% by mass or more. 

28. The vinyl.cis-polybutadiene rubber according to claim 
21, where the mooncy viscosity of the cis-polybutadiene rub- 
ber as the matrix component of the vinyl.cis-polybutadiene 
rubber is within a range of 10 to 50. 

29. The vinyl.cis-polybutadiene rubber according to claim 
21, where the polymer substance is a matter insoluble in 
boiling n-hexane. 

30. The vinyl.cis-polybutadiene rubber according to claim 
21. where the 1,2-polybutadiene is dispersed in short crystal 
fiber in the cis-polybutadiene rubber as the matrix component 
of the vinyl.cis-polybutadiene rubber and the polymer sub- 
stance is dispersed in particle therein, and where the short 
crystal fiber of the 1,2-polybutadiene is dispersed in the par- 
ticle of the polymer substance. 

31. The vinyl.cis-polybutadiene rubber according to claim 
30. where the short crystal fiber of the 1.2-polybutadiene is 
never contained in theparticle of the polymer substance but is 
also dispersed in the cis-polybutadiene rubber as the matrix 
component, and where the length of the short crystal fiber 
dispersed in the matrix along major axis is within a range of 
0.2 to 1 ,000 urn and the length of the short crystal fiber of the 
1,2-polybutadiene dispersed in the particle of the polymer 
substance along major axis is within a range of 0.01 to0.5um. 

32. A butadiene rubber composition prepared by com- 
pounding a vinyl.cis-polybutadiene rubber according to 
claim 21 at 10 to 300 parts by weight per 100 parts by weight 
of a rubber selected from natural nibber, polyisoprene rubber, 
styrcne-butadicne copolymer rubber, or a blend rubber of at 
least two types thereof. 

33. A butadiene nibber composition for tire, wherein a 
butadiene rubber composition according to claim 32 is used. 

34. A method for producing vinyl.cis-polybutadiene rub- 
ber by a step of the cis-1,4 polymerization of 1,3-butadicne 
using a cis-1,4 polymerization catalyst in a hydrocarbon- 
series solvent, a step of the 1,2 polymerization of 1,3-butadi- 
ene in the concurrent presence of a 1,2 polymerization cata- 
lyst in the resulting polymerization mixture to generate 1,2- 
polybutadiene of a melting point of 1 70° c. or more, and a step 
of the separation and recovery of vinyl.cis-polybutadiene 
rubber generated from the resulting polymerization mixture, 
the method including a step of adding a polymer substance 
withat least one unsaturated double bond per repeating unit to 
the production system of vinyl.cis-polybutadiene nibber. 

35. The method forproducing vinyl.cis-polybutadiene rub- 
ber according to claim 34, where the polymer substance is al 
least one selected from polyisoprene, crystallizable polybuta- 
diene of a melting point of 0° c. to 150° c, liquid polybuta- 
dicne, and derivatives thereof. 

36. The method forproducing vinyl.cis-polybutadiene rub- 
ber according to claim 34, where the amount of the polymer 
substance to be added to the production system is within a 
range of 0.01 to 50% by mass to the vinyl.cis-polybutadiene 
nibber to be obtained. 

37. Themethod forproducing vinyl.cis-polybutadiene nib- 
ber according to claim 34, where the step of adding the 
polymer substance to the production system is carried out in 
the polymerization mixmrc at an appropriate time point from 
the step of the cis-1.4 polymerization step to the step of the 
separation and recovery of the vinyl.cis-polybutadiene rubber 
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generated from the polymerization mixture obtained alter the 
completion of the 1.2 polymerization. 

38. The method forproducing vinyl.cis-polybutadiene rub- 
ber according to claim 34, where the hydrocarbon-series sol- 
vent is a hydrocarbon-series solvent with a solubility param- 
eter of 9.0 or less. 

39. A butadiene rubber composition prepared by com- 
pounding the vinyl.cis-polybutadiene rubber obtained by a 
production method according to claim 34 at 1 0 to 300 parts by 
mass per 100 parts by mass of a rubber selected from naniral 
rubber, polyisoprene rubber, styrene-butadiene copolymer 
rubber or a blend rubber of at least two types thereof. 



40. A butadiene rubber composition for tire, where the 
vinyl fivpolybutadiene rubber obtained by a production 
method according to claim 34 is used. 

41. A butadiene rubber composition for tire, where a buta- 
diene rubber composition according to claim 32 is used. 

42. A butadiene rubber composition for tire, where the 
vinyl.cis-polybutadiene rubber obtained by a production 
method according to claim 34 is used at 10 to 300 parts by 
weight per 100 parts by weight of a rubber selected from 
natural rubber, polyisoprene rubber, styrene-butadiene 
copolymer, rubber, or a blend rubber of at least two types 
thereof. 
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8081 *&*KfcttS:iR6K ^sp3-63566#^*(«F«:Xltt7) |C[* N ~ 

15 Lfcy.MLfc^fZI. 3-^^X^-^M^^-lslJlXLT-M 

$#^^^cC^^IS»^-Cl^o M(Cif#^^4-4881 59&ft(1«ffpjt|R 

;utLTffa«giajt*4:Bjaffi*s!rt*tti=to/^A«rit*3b<iB«4*L 

20 Tt^&o 

*fc, ^P?l2000-44633^#(^fF^®c9)IZli, n-^>, vX-2 

ft ^ & 1 ,2 - /-KM :Wx> H i? & y > bb © m n 

25 $O^A««iat^<Z)98%Jsl±A<0. 6|/m*3ST?ifcy % 70%J2l±*<0. 2 fi 
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««FXitt1 ^8849-1 7666^« 

ftttXfite tt£BS49 - 1 7667-5§-£# 

ftffXite ft&BS62-171^42tfft 

ftSfXi&H ft4&BS63-36324^$6 

ftfrXSte ^¥2-37927#^B 

^H^F^ite ^SP2-38081^« 

^XM7 #^¥3-63566^$g 
it#^¥4-48815^-^fg 

ftftXSte f$M2000-44633-5t&*g 



15 fSBBttBB^ 

ct^g WtU Mic, ±E«Jh.fcftttS*«?5^x>:JA«j*iij, 81=* 

TE*J*l=«fcy,±EBttSamLfc. 
1. 1, 2-^U^^vi>i, Kl. 2-7KU^S?x>J:yiBj{Sl(DffiLx, nys 
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3. lijfBi , 2-7H°'J^vx>^iIjj^i 70°CfcLt<Dl , 2-7fv°'J^vx>i: 

10 x>, *«tK'j^*s?i>, &tf*hbo>mm<*frt>mi*htz&is:<t*>-\ m& 

&ft*Ct*W*t«±IB1. *fcl*2. lcfB«0t*-;U-vX-^'J^e?x 

^^x^A©^s+lcML-C0.01~50K«%0)tESI'e#^^-CL^Ci:^ 
15 ffct«±ffi1. ~3. (0^-r^*Mc|B«©t*=.;U-e/X-/-KU^^^X>zTA o 

5. METh'J^^X^^fe>g)vX-7H'J^^x>=rA025 c> C[Cfc s lt-i)K 

)\*3L^mfetem&io~i5o<Dtomizib% > c.t&ft®iii?&±m. ~4. ©i^ 

-ftL^!cfB«0e-;u-vx-7H'j^^x>^Ao 

6. filBThU^^Xjt^fe^vX-^'J^vx>rrA(D[ ?7]^1. 0-5. 
20 0(7)f5Sllzfe^ci:$^t<!:^±IBl. ~5. ©ivf ;MW::fB«©tf=.jU- > 

X-tKU^^vx>^A 0 

7. IfrfBThU^X^T'fe^^X-TK'J^^x^ziAroi, 4-vX|i3t 
#«3&<80gfi%JSl±(0«lgaiCfe*Ct^|»t«±iEl. ~6. ©ivffl 
AMzfBRaje-^U- vX-tH'J^ vX>^A 0 
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8 . tf_;u-vx- tK'J :?*S?X>=f A0WJ dl^Tffe* VX - /K'J 

~ 7 . a>L\-r*i^ izmm <d e -;u ■ - i?x>=r a „ 

5 ~8. (7)UT>L^[CfB«<De-JU-vX-7tv°U^^vX>=fA 0 
^2?x>=f A*l=, TtufBI . 2-7K'J^^x>A<^^!lSa«#tttT?, 

^toHtftfi^tt-eafifeL-cfcy. io % uriai , 2-#y?*5?x:/a>jii\M 
10 9. (DL^^^(ctB»(De-;u-vx-7}s o ij^e;x>=rA 0 

tjtLTfcy^THJ^X*lC^LTt^m^ B B B «M©*Wft^O. 2-1, 
000// m©lEBr^y, fro, ttK#*ttK0tt**f=#»LTl**1&lEi , 

15 2-7fx°'J^i?X>©Sl^^*t0*$l!i*^O. 01 ~0. 5 mOfEfflt'fe 

1 2. ±1B1 . Xl*2. iClBK^tf^U- yX-^'J^yI>3 A*, 35fc=TA. 
7N°U-rv^b>=f A, X^U>-?^x>&fi£ft;=i A, XI*Z4ie>©'>^<i: 
t2S0^b>Kri , AANbJi[m/c3AlOOMmSl5[3^Lr, 10~300fi* 

20 &mGUzztift&±?z>7z>j&JAmm® 0 

13. ±|B1. ~11. l=E«a)lf-;U"5/X-jKU^S?x>^A,StJt/XI4 
±IB1 3. I=E«0)^2;x>=rA«rit«BSfflL^=Ci:£fl**t-r*5i^-Vffl^ 
^x>=fAM^ 0 

14. 1, 3-^^X>*,ttft7k*3R»ii + l~-C,S/X-1. 4fi^MiSSffl 
25 l^TvX- 1 , 4fi££tK jfcive, #b*ifcS^JSf£:;I^^*lzi , 2M£M 

*£££#£i±t,i, 3-^^X>$1, 2a^$#T,Iil^3b«17O o C]a±01. 
5 
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Lfctf-^ • - ?hu ^ vx>=r A£#$nn Jixur %zmt%ti-Ji> ■ >x - 

1 5. KrlH^^^ «agA<, *°'M7^V>. Hj&o°c~ i 50°c<D*SJit4*°'j:? 

a-Cfc*c4:*««t«±1Ei4. JcfaKcDt^;u->x-7Kij^v?x>=rA 
10 0)lgJa££;£ o 

X-7KU?$vx>zf A[z*tLTO. 01 ~50Km%<Dlfcmx*fo&Zt%<ftWLk 

«±iai4. xi*i5. [ziH»a)e-;u->x-/-K«j^55x>rfAa)Sat^ < 
1 7. ItEK^ttMliriBilJSSRrtlzSln-rftxe^, WSES/X-i . 4M 

TJ,MSJS;'i^«!l*l=fTt>*l*Ct*1$ftt«±iBl4. -16. flHvftl 

1 s. mtmit7m%kmmt>K »#/^-*-*<9. oiaT©0Hb**s» 
20 is^&«zt*^at-r*±iHi4. ~i7. (7)tN-r^^iziH»(De-;i,-vx- 

/-K'J^^vx>=i"A(DMii^;io 

i9. ±tsi4. -is. (Di^tfofrizmmtomfeis&vmbtitzii-fo-i/z 

25 OOKS^lc^LT, lO-SOOgM^lB^LfcCt^^liti-T^^^vx^ 
6 
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20. ±ibi4. -is. a>L^-r*i*vicE«a)«ift*a-e»6*tfce=ju-S/^ 

5 *5SW©e=.;u->^-7K'J^e5x>=fA(JsiTrvcRjtiS-r)ii, ff*L 
2-7H'J^vx>^\Mi70°cm±(7)l I 2-#y?**?x' 
>T?fcy, C(D1, 2-7KU^S?x>J:yiilt^(DffiL^,liyiiLmfeafcy'>'5: 

IWCi:fffcS)tf, *°'Mv:?U>. IS1 7O°C*^0iiiS B H B ti7Kij^t;x> s 

^CD^-fooT, 1^1*^1 70 o cm_hCDl. 2-^°'J^vX> < t,lS^|g^S^ ; ? 

•rSMcvcR-cfc*. 

15 flMifcffl&j£#T?&5£Su£<Bi, 2-7HU^^vx>i > ^'j^v^U>^<i:© 

*s«^fi&sis» : f-tiga)!|fl^si=«fcy,SiajS©i. z-*'j^s?x 

>0,Thy^^Xj^^^fe^v7 k -^U^^vx>^A-s0»^t4^L<lR] 

±**L,-to>e*,**if=*l3ftBfc»-eft*»iiiiji5a)i. 2-7K'j^vx>©# 

20 M£iiin?-SC£j&<pr&£fc.& 0 

±fS0$P^*^B^Iz^^vCR0#t±(*^-Y-VSp D p(7)Mai^ ; e0itii0ffiji 

25 it) AM**<-c\ «*ifc#PLliJLJnitt, f^Httft^^-ro 
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5 sit. ssw&tt£*u moisB&atefcnrteicrs. 

HI1 li^MSi^Mtf), l!fc^^17O o cm±01 . 2-/K«J^i?X>(Z) 
10 H2[4^F^p^^tim©,IfiiS^i70 o cm-h©i. 2-7K'J^^X>© 

H4l*^«^^tlK(D,M^170 o cm±(D1, 2->KU^S?X>(D 
15 Ml^^ 

il5[iJ:bMir*#b^fce-;U->X-7KU^^^X>=rA0^g|^at^^ 

20 B7tt^ffi^3^#&^fclfrL;u.S/^-7KU^5?x>drA©««fflfilJg$* 

ftfc\ n*a)^i f±7Mj?**, 2imwi 7o°cm±®i, 2-7h 0, j^^ 
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*^170°CJa±-efe^1,2-7KU^vX>A<1~50Kfi$|J. (2)vX-7h°'J 
^^x>3Al00Mm^,StK(3)±|B(l)i:(2)(7)$tM^^L-t0.01~5 

10 i(DSifi^0.2 jU m JJIT. #*L<I3\ 0.1 /i m JsiTTfifcy s £fcs 7X 

10&±, *?£L<I£, 1 5J2l±<DS«lttltT?&y» fro, afejSlA<1 70°C&±. 
ff*L<l4, 1 90~220°CT?fe^C^a*L^o 
±lB(2)^0i/X-7Ky^i>x>zfA<!:LT!*. TlBami4**Tf 
15 ^M^L^oiP*,, A-^-^^(ML 1+4 100°C, JsiTrMLjtBS-r)*«ff*L< 

i±i o~5o, a? *l<i*i o~ 40(7)^0 t-r^ 0 -ts-tscfccz^y % s^Rait 

*tt^^±U*fc.±IE(l)ia»a)(2)rt»^©»fttt36<fi|±«*:ifO 
?&Z.ttfM3iLl\ BP*,, h;Ux>;#«S(-b>^^VX725°C, Jii.Tl"T- 

20 cp ji:iis-r)A<»*L<i*io~i5o, j:y»*L<i*io~iootfifey,[7?](ia* 

fiiJt)tfl. 0-5. 0, Jf*L<l*1. 0-4. 0T?fc5Ct*<M*U^*f=, 1. 4 

-vX«^^^80Ha%^±, ff*L<li90Sfi%Bl±Tffey, HKltt 

25 ±fB<DvX-1, 4m^[C«J;or#b*lfc/-K'J^i?x>=rA<7)*M^/X 
9 
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x>=fiO i oogfzjf LTO. 01 -ISOS'J^U, £1iSiJ©tefflfij&<<!>ftl\fc,- 

10 1, 4#l3i£J#*>, A-n-3|ftg(ML IM , 100°C)^20~80©tElll3fey > >5r f 
5x— va>;£[zJ:i)Ml:¥^i^l:^200, 000-1, 000, 000© 

ZZX\ h;H>^»»»I4, K*tf A1 0g£400ml©NUX>£ = £:75X 
15 =llCA*l-CRT(25 0 C)|ZT^^^?$-t±s -?-©f£200^va©#,fB£f£SL 

[ ?? ] (H«JS) itu&zUxo. i gti oomi© h;ux>£ =87^X3 

20 (CA^X> 30°CT*SS£;tfi¥£-fe!\ ^©^30°ClZ3>hP-;U$tLfctIS7j<^* 

(T)*aseuTEai=j:y*ttf=K[»?]tr-&. 

??sp = T/T 0 -1 (T o :h;UX>7=(t©^T0*r B 1) 
?)sp/c= [r?] + k'[77] 2 c 
25 ( 77 8 P :ttttS % k':/\^X5e»(0. 37), C:K»M(g/ml)) 
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±15 ( i ) tin® 1 ,2-m^j^^mmmt(z) m^® vx-Ttw* v 

a^lc^LT(l)^(D1,2-/1x o U^vx>^ B B B ilM^1~50Ka:^.^ 

ninLKito. oi ~3onm%x<&z>ztt}m&LiK ±mmmftx&&ztit, 
±13(1)^01, z-wj^v^m&mmnmMiz&zftmmTwm. 

(3)^0. 02~100JCgS|M?£L<l*0. 05~80|f*^fo6C«!;7b^£ 

i»(2)«0vX-7K I J^vx>=i > AlOOgaS(5lz^Lri. 01-100RS 
£0, *?£L<[£1 . 03~90K*S|ri?fo&::<h^«U^ 

^mMCDvcRom&izti^xiz, -mizmt7km$i®m&m^x-\ , 3-^ 

■9">(SPfii:7.2) s n-^>^>(SPfli:7.0).n-^-^>(SPii:7.5) % v^7 
11 
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□ ^+!->(SPfi|:8.1),n-^>(SPii:6.6)lf7b^Ifb^o*-tr : fc, V 

eft b®» s pfi it „ =r aiumhi 2s jbl *t a ^ A : B #=f At& , 

¥fifc6^l^20Bf6fr;72lM)ft^fl!)Xit^Sn?&So 
5 SPfej&<9.0«fcy*/lx<^jSJ££«JB«C£^ vX-7tx°'J^vX>^A* 
^0l,2-*°U^vi>^ a B p»!0^^ 

fflLNbtli)^1i7;U5-«t7A^P7-fKl : E;U^fcy,^L<ttO. 1-1. O^E 

ftl=»*L<l*o. 2~i. 0^;uottia-cft*.ca)ieH-ci43(fe»j5:tt«6g 

H¥4-85304#^*)t**(nfft«. 

*»(Dfije*iBfi5Lr#&tLfcjgjfti=tt,e/x-i. 4S^ftk«©-otLr, 

K, 5?7i- ^T^S-^A^/^P^-fK, vx^UT^S-^A-tzT^P^ 

25 tLTte, 1, S-^^vlXDiil^^fcUO. 15'J=EjUJ2l±*«#*L<,0. 
5~505U^;U^J;y#F£U\ o 
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J:5ft=iy<jUKD £ -^h^xx^Hi^ :3/<;Uh:*-£Hx— K =i/*;i/h:K7 

Hfi, ^b:3/*;uhfc 0 'j^>$ift, ^b3/<;uhx^;u7JU=i-;ujiftft^a)/\ 
10 Py>ft3/<JUHH*ft^**[f «Ct3ft«-et«. T^tt^UMb^G)® 
fflfili, i, 3-^vx>fl)i^;u^feyo. ooisy^HSLttfif^LCo. 
0055y^;ujsi±-e&*ctA<j:y»*u^*fcRrjStt3/<;uH<b^iftiiz»-r 
***7;us='>A^n7-rKa) i Ejujt(Ai/co)i*iojtfi±Tfifey,i#t5oui 

->x-i , 4S£<DMI*, -flftlcoic*S^SS~i oo°c, jff*L<l*i 0 

20 ^-;iJg^5~26Rl:%<t&£ c J;5lcv7 > -l, 4m££*T?;:£:j5<»*U^ 

^W^0M^^^lJ^I^^BS4O-2645^ICfBtt^fcW$fflLNi) 
25 *f§WOVCR(DS!iJg^li,S/X-1. 4M£l#IC^£q(D#^l:PSpglk 
13 
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®vi>iu X(*x^b> N ?Ptfu>. -Jr-y-MzZa) a -*is7jym%& 

$l*-JlSIC80aS%m±. »*L<[±90Ra%jil±"C\ ML1 0~50 s £?£L 
10 Ltt,cfcLNL, ^*n-i±-flc*JgJS®l, 3-:?^x>££|&£i±T£c}:Uo -US 

Mt-gymt, i, 3-^^^x>i^u^fcyo. isu^ui^^izo. 5~5o 
fe-sct^^L^o -mtmm(Dmmt2o$i)=E:j[,/LUT , <%iz&izL<it 

1, 2n£<D)&mZ, -J?£C:0~100 o C, $f^L<(i10~100°C > g[Z$?£L 
20 <ft 20- 1 00 o C(DSStESlX&-i>o 1 , 2S££*T?li£<7)M£&l;:l£, ffrfEtD 

vx- 1 . 4S££j£;ii^i ooRagp^fcy 1 -sosta^ &£l<i*i ~ 

20^1:^(7)1, 3-^^vX>^^in-r^Cd:-I;\ 1, 2||^B#01, 2-^'J^ 
^^xxDUXM^ii^^-lt^Ci^lr^o M£f$P B 1 (TOMB#H1) l£, 1 0# 
~2l^raa)ttH35«»*U^ 1. 2M£&<D7K'J^-«gj&«9~29SES%£:fc 
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1. 2m^\zmi^m^mtLxit.i, zmswzmtmbmtteym^-tf 

*^B^(OVCR(Z)Sit(CfcL\rii,lufB(D £ fcaiCvX-1 I 4fi£ % &l,vC*1, 

eft & a>R«ft^ €>S f#h.fc<l>&< i a##$ u \ „ 

*U^V^b>tLTtt,a«a)^rt#U-fV^>(5/X*3lfi90JtJi%J2l± 
15 £>*>X-1 . 4-*°>W?b>g) wW/"K'MV^b> s H7>X-*°'MV? 

iuSl VOt^COiieStt^U^^X^Ii, fc?£L<l£iil£0 o C~1 50°C<7) 

20 a«iKU^*S?x>tLTI4, mGttStl rj ] = 1 12lTOafi»^0*U^S? 
X>Hjb?&[f£;h,3 0 

M$S££it^«Bi#^ib£li£L-m, x-^;ua, i»K^>a, 

25 tK'Jx^u>^ij=]-;u % X7h 0 ^v-fb/-h°u^vx> % iK'Jxxt;u, x 

*°*vfcx^u>:?$^x>ii:fi£ft % tK'JT'J— ;h~tju, 7'J;ux-t-;u 
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3i<tLTi,2-* o u:?$vi>*j^^ 

M70°C~1 10°C©1. 2->K'J^S?X>3&«ff*L<ffl 

15 fcUT, TOfD^^^M^^^miCcfcy. lij^l 7O°CJa±01 , 2-tK 
U^^vx>©,Th'J^^X^(D^X-7KU^i?x>^A*^0^^t4^ 

^i&w*»^*ita)»in«i4,a»**L*e=ju-s/^-jK'j^^x>=f 

AlZftLTO. O1~50M%<Dtme&SCi:*<»*L<,0. 01-30K 
#b^fce-;U-vX7HU^^vx>^AlC>>fLT^L<l4 0.01-20 Si%, 

«fcy*f*L<tt o.oi~io M%©ffiHT?&*o tomsnmuJs&temzm 

25 ^^^%(D^j:<.e^;u-vX7Ky^vx>3A$Mit-r^vXl, 4j|nB# 
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ji/-=Ffiffl*;ujt5>Kx^T;u^A«&(f ?>H5o antoai*. f&p>*ifct?=.;i/-*> 

10 X7K>J^S?l>zfAt»LT»*L<l* 0.01-20 «kyff*L<f± 0.01 

-10 M%(D*gfflTf&5o : ?-(Dii^0;iiP^>£[i^fzPi^1--g,ta)^d:<, 
e^U-vXTK'J^vx^A^M-tl-^vXI, 4m£B#&£lMi1. 2Sl=r 

», ai;/*fcf±, t*-;u-vX7K'j^i?x>rrA©a^$i7^xts^o » 
15 3.#*L<tt,io#~3o#-e&£,, 

in1-^c<t^-e^ 0 €^l»it^iJ(7)^«<tLTii, 7i/-;^©2, 6-^-t 
-^ju-p-r j7Uv*-;KBHT),u>^©h l jy-;i/7izi;u7^77'fh(T 
NP),flftSS^©4. e-t'Wfmww-o-^uv-iky^^'Jib 

20 -3, 3 , -^5?^Pe**-KTPL)*C^35<*lf&*L* 0 JHtt-et2aa±tt 

^fr-tfTffli^T^cfcC ^-fbRfrjhSKOMSipiivcRi oogfigpic^Lro. 0 
01 ~5li^-efc^. 0 M£fc±ffl£a#$l=in*TM£JEfc£ff ±* 
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Z(D «fc5l=LTffi^**i5*568B©VCRf±, ffl)§it»it$, gp*> 

>=TA(7)5^Pfgji[*, 80SI%ja±A<^-1, 4-7t>°'J^^X>T*&y. 
ffl)g^#7>7-1, 4-^'J^vX>S^e-JU-1. 2-/KU^^X 

10 #170°C&±(D1, 2-^'J^vX>SU^tLlC^^I]M^ifeia7b^S 
^&3 o C(Dli£^170°C&±<£>1, 2-7tv°>J^vX>tt s -H§ICl!&^^17 

o~22o°c-wj, mtfco&?tmmm®i<j)&&m®.vfoz> 0 vx-^g 

^^x>zf A0MLfi, lulB0«J:3(C1 0-50, $f*L<[*20~40T?&5. 
15 ^fe,^^B^(DVCR[*,|f!lB©<tfcy > i|. J g^ 1 70 o cm±0)1, 2-#"J?* 
vx><t^tS^^^^^H<b:*^i/X-7KU^^vx>=] , A(7)ThU^^Xc|a[c 

sMSIWOVCRICfclvtl*, HfeAtfl 7O°cm±01 . 2-t|W*5? 

20 MI*,I^^17O°CJM±01. 2-7K'J^^vX>0$S B B B »ti:(7)Pil^fc^ 

fZ, Th'J'y<7X1*|Z, I^^170 o CJM±(D1, 2-/jv°'J^^vl>0i a H H lt 

25 2-7HU^vx>0i^ e B B |S|$t2[z#^L^ffi^Si$tLr^^pJ^ > 
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5 Lxi\&mffi*,mnz>o mi ~4* % i liTHj^x, zitm^i 7o°c&± 

©1. 2-7HU^vx>©i|S H B H »t. 3l*^Mnili^t]fC0M^£SH- o 
±iH*feW0)VCRa)S!j£j&^lcfcl\Ttt,±jSLf=VCR*»lt«H#Lfc3a 

*sj6<di , 3-:Wxx ftfc**s&J£Xtf-fi&<bg*ft££# 
*t&m£J5JS;I£«»b, Jim. «9I=«kyi . 3-^v?x>, flub* 

#*nfe©^IIMSlcj;oT-^jb^^^^lt^£L, -^bK*^H^fl<Jl3 

KJfc££*«*fr&, JiBI=«ko-C3j«»*|gilXLT, C©|gMfrb±fB© 

tt<b*^5SSj£i:$!5lJ|x-r^cttl?#§o MlH©J:d[3LTlllilX^fc-a 
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